Treatments of independent sowing of birdsfoot trefoil with organic mineral fertilizers were conducted during the period of 2010-2012 in the experimental field of RIMSA-Troyan to determine seed yield, structural elements contributing to yield, and correlation dependences among them. Biofertilizers included in the experiment consisted of: control-zero, phosphorus humate (3000 l/ha), boron humate (1600 l/ha) and molybdenum humate (1600 l/ha), as well as the combination of phosphorus humate (2500 l/ha) + boron humate (1000 l/ha) + molybdenum humate (1000 l/ha). It was determined that biofertilizers such as phosphorus humate, boron humate and molybdenum humate had a positive influence on the structural elements of the birdsfoot trefoil's seed yield. The highest effect from the tested fertilizers resulted from the combination of phosphorus humate, boron humate and molybdenum humate, as a result of which the number of seeds per racemes, the number of racemes per stem and the number of seeds in pod exceeded the control during the two years of the experimental period. The maximum average seed yield of 0.36 t.ha -1 using this fertilization combination demonstrated a direct relation between the yield and the structural elements. The boron and molybdenum humate provide a higher seed productivity in comparison with the independent fertilization with phosphorus humate. After treatment with these three biofertilizers, the seed yield is in positive correlation with all structural elements that define the seed yield. The correlation is manifested most strongly in relation to the number of pods per racemes and number of racemes per stem (r = 0.9291). The correlations between the yield and the number of pods per racemes and the number of racemes per stem are strong with positive values of the correlation ratio r = 0.6362 and r = 0.5012 respectively.
Introduction
Birdsfoot trefoil is a main legume component in the creation of highly productive artificial swards due to its high productivity and nutrient value of forage (Pavlov D., 1996; Alison and Noveland, 1989) . A significant element in the agrotechnics of birdsfoot trefoil for seed production is fertilization with macro and microelements, resulting in increased yield and quality seeds. Proper plant nutrition is vitally important for normal growth and development (Kerin and Berova, 2003) . For high seed productivity, nutrient requirements are greatest when plants are growing intensively and forming reproductive organs.
According to Petkova and Poryazov (2007) the necessity of applying organic mineral fertilizers continuously increases, creating a serious challenge in terms of science and production of required fertilizers. Biofertilizers provide ecologically friendly alternatives to contemporary agricultural practices (Nikolova, 2009) . Experimental studies of seed production for a number of agricultural cultivars have been reported with the aim of studying the effectiveness of Bulgarian vs. foreign organic fertilizers (Churkova and Lingorski, 2010; Pachev et al., 2011; Vanotti еt al., 1997) .
Fertilizer preparations based on humate substances appear to be not only ecologically friendly, but also ecologically inert (Agro Bio Stim, 2013) . Recently the application of complex fertilizers with an applied effect acquires the highest actuality, containing on the one hand both humates, macroelements and microelements in their chelated form, and on the other hand useful soil microorganisms, necessary for the normal growth and development of plants. These preparations help to keep components of mineral nutrition in the soil and promote gradual absorption by plants. Furthermore, the soil microflora creates favourable conditions for growth and development of plants. The humates accelerate seed germination and plant growth, decrease susceptibility of plants to extreme conditions and have fungicidal properties.
The objective of the present study was to determine the influence of biofertilizers such as phosphorus humate, boron humate and molybdenum humate on seed productivity of birdsfoot trefoil.
Methods and Materials
The efficacy of using phosphorus humate, boron humate and molybdenum humate as biofertilizers for growing Birdsfoot trefoil Targovishte 1 cultivar was tested from 2010 to 2012 in the experimental field of RIMSA -Troyan, Bulgaria. The block method with four replications was used, with a harvest plot size of five m 2 . All fertilizer preparations were obtained from Agro Bio Stim. Biofertilizers were applied in working solution during the 2-4 leaf stage of birdsfoot trefoil growth in the first year and at the onset of vegetation in each following year. The following variants and concentrations were studied: control-zero (variant 1); phosphorus humate (3000 l/ha) (variant 2); boron humate (1600 l/ha) (variant 3); molybdenum humate (1600 l/ha) (variant 4); and the combination of phosphorus humate (2500 l/ha) + boron humate (1000 l/ha) + molybdenum humate (1000 l/ha) (variant 5). These treatments and concentrations follow the manufacturer's recommendations, and generally accepted growing practices for birdsfoot trefoil were followed. Sward sowing was conducted by hand in a disperse manner at a rate of 0.12 t.ha -1 .
Phosphorus humate contains nitrogen, phosphorus and potassium (4-12-4%,), 0.5% magnesium, as well as a number of microelements such as calcium, boron, iron, manganese, cobalt, zinc and molybdenum, and organic substances including humic and fulvic acids. Boron humate contains 6% nitrogen, 5% boron, 0.4% organic carbon, as well as many organic substances including humic, fulvic, and amino acids (valine, glutamine, methionine, lysine), antibiotics, vitamins, and microelements such as chelated iron. The composition of molybdenum humate includes natural stimulators as well as 6% nitrogen, 9% molybdenum, 0.4% organic carbon, humic acids, fulvic acids, amino acids (valine, glutamine, methionine, lysine), antibiotics, and vitamins.
Seed yield was determined from the second year from second cuts. The first cut was gathered at the stage of budding, while the second was harvested for seed at 60-70% ripening of seeds.
The following characters were recorded: number of racemes per stem; number seeds per pod; number of pods per plant; mass of 1000 seeds; and seed yield (t/ha). The study included average data of the different characteristics by year. The average values (x), minimum (min) and maximum (max) limits of the structural elements and seed yield were calculated (Lidanski, 1988) . The degree of variation (CV) of parameters was determined through the variation coefficient according to the scheme of Mamaev: up to 7% -very low, 7.1 to 12.0 % -low, 12.1 to 20.0 % -moderate; 20.1 to 40.0 % -high: over 40.0 % -very high. Correlations (r) of Brave and Pierson were calculated to prove the relations between the different characteristics and their influence on productivity as well as between them. The data was processed using Microsoft Excel. The significant differences were determined by the methods of dispersion analysis.
Results and Discussion

Structural Analysis of Yield Seeds
All biofertilizer treatments yielded higher values for each of the measured structural elements (indexes) of the seed yield (Table 1) , with the exception of mass of 1000 seeds which increased for only some of the treatments. Details for each structural element follow.
Number of Pods per Raceme
Biofertilizer treatments had a substantial impact on the number of pods per raceme, exceeding control values in all cases. Results for each year showed a one-way influence of the bioproducts on this index as compared to the controls (2.91 and 2.71 pods per raceme for 2011 and 2012, respectively) as follows: variant 2 (3.24 and 3.18); variant 3 (3.42 and 3.59); variant 4 (3.98 and 3.91); and variant 5 (4.00 and 3.97). The highest yearly average value for this index for all variants, including controls, was Х=3.51 (2011) with an average degree of variation (VC) of 13.5.
Number of Racemes Per Stem
The smallest increase for this index was observed for variant 2, with values of 10.7 and 10.5 racemes per stem for 2011 and 2012 respectively, as compared to 10.52 and 9.42 for the controls. Variants 3 and 4 yielded nearly equal results, with 11.9 and 11.4 (variant 3) and 12.0 and 11.7 (variant 4). The maximum values for this index were obtained with variant 5 (12.73 and 12.34). The results can be explained by considering the values of the abiotic factors. Blooming occurred between the 10 th and 21 st of July in 2011 and between the 1 st and 8 th of July in 2012, with respective average monthly temperatures of 21.0 ⁰C and 24.2 ⁰C and respective monthly precipitation of 72.9 and 72.0 l/m 2 . As stated above, independently applied microelements (variants two through four) have roughly the same effect on the number of racemes per stem, while combined fertilization causes better forming of blossoms and higher values for this index. Yearly average values for this index were Х=11.56 (2011) and 11.06 (2012) with a low degree of variation (VC=8.06 and 10.24%).
Number of Seeds per Pod
The number of seeds per pod index increased significantly for each variant. The maximum value for this index was 23.0 and 24.0 for 2011 and 2012 respectively under variant 5, compared to 17.81 and 19.04 for the controls. The degree of variation for this index was also low (VC=9.62 and 9.13%). The micro fertilizers that are applied independently have a greater effect on this index than the phosphorus humate. During the second year of the trial period, the difference between the numbers of seeds per pod for the different treatments by biofertilizers was not significant.
These indexes characterize the structural analysis of yield seeds due to the fact that biofertilizers applied through the leaves increase the mass of the active tuber, the quantity of fixed atmospheric nitrogen, the leaf area, seed yield, and the nitrogen content in the vegetative and generative organs.
Mass of 1000 Seeds
The values of the index mass of 1000 seeds depend on environmental conditions. For all variants, the mass of 1000 seeds had higher values in 2011. The highest value of 1.32 g was again obtained with variant 5. During the second year, values for this index ranged from 1.0 to 1.6 and were not significantly different among the variants, with a very low variation (VC = 2.33). The low values of the seeds weight in 2012 were due to the lack of precipitation in July when the seed cut was formed, negatively impacting seed growth. 
Seed Yield
The treatment of birdsfoot trefoil with the applied biofertilizers had a positive impact on seed productivity (Table 2) . The results indicate a one way influence on the seed yield for variants 4 and 5 for each of the two years of the study. Conditions were more favorable for seed growth in 2011, with significantly higher precipitation (98.4 l/m 2 ) and air humidity than in 2012. These climate conditions, along with the high density of swards and the activity of the pollinators, explain the comparatively high yields from 0.20 to 0.36 t.ha -1 . The highest seed yield, which exceeds the control by 83.5%, occurred under variant 5. Statistical analysis indicates improved results for all variants as compared to the control. It could be said that the studied macroelement (phosphorus humate) has a slight influence on seed productivity in comparison to the introduced microelements such as boron humate and molybdenum humate. Their application has a positive influence on some biochemical processes, which are directly correlated with the quality and productivity of the birdsfoot trefoil, as well as its growth and development. Consequently, seed yield under treatment with variant 2 exceeded control by 26.8%, while treatments under variants 3 and 4 exceeded control by 26.0 and 34.5% respectively. The flow of carbohydrates to and from growth locations is improved under variants 3 and 4, and all vigour processes in the plants are accelerated. Furthermore, the synthesis of proteins and the differentiation of cells are accelerated and tissue revival is activated, explaining the significance of boron in the formation of reproductive organs, pollination and fruit bearing.
2012 seed yields were significantly lower in comparison to the previous year, varying from 0.19 to 0.35 t.ha -1 . The fertilization with all variants showed a positive effect in comparison to the control. Despite the significantly lower soil and air humidity, birdsfoot trefoil formed a comparatively good seed yield. The best response was again achieved with the combination of phosphorus humate, boron humate and molybdenum humate (variant 5), resulting in seed yield exceeding control by 87.2%, while variant 4 exceeded control by 78.7%. The difference in yields between these two variants had a high statistical significance. Due to considerably higher air temperatures, the seed cuts for all treatments were performed during a considerably shorter period than that in 2011, a precondition for earlier harvesting of the sward respectively during the second week of July. Boron and molybdenum tend to increase chemically bound water content in the cells, thus influencing the water regime, the activity of the enzymes, and the direction of the exchange of carbohydrates and proteins. This helps explain the positive influence of boron on the susceptibility of plants to unfavorable conditions such as drought, resulting in comparatively high seed productivity.
For each year (and the average), variant 5 resulted in the highest and most stable seed productivity. The statistical analysis of the differences indicated the highest significance for variant 2, followed by variants 3 and 4 which were also highly significant.
The data analysis shows that the fertilization of birdsfoot trefoil by organic mineral fertilizers is a highly effective agrotechnic technique, leading to increased seed productivity and resistance to the unfavourable influences of meteorological factors. Best results were obtained with Variant 5 (phosphorus humate (2500 l/ha) + boron humate (1000 l/ha)+ molybdenum humate (1000 l/ha)). Table 3 shows the correlations between seed yield and the main structural elements, which define the reproductive indexes and the seed productivity. The results from the analysis show that the degree of correlation between the yield and number of pods per racemes and the number of racemes per stem is strong, with r = 0.6362 and 0.5012 respectively. This is likely a result of the treatments improving activity of the photosynthetic assimilating surface, thus providing plants with the required nutrients to guarantee a high seed yield. The height of plants has the highest correlation dependence with number of seeds in pod (r = 0.5083), varying inversely with the mass of 1000 seeds (r =-0.7158). The number of pods per racemes is strongly correllated with the number of racemes per plant (r = 0.9291) and the number of seeds per pod (r = 0.8976). The correlation between the number of racemes per stem and number of seeds in pod is strong (r = 0.8281), as well as between the number of racemes per stem and the mass of 1000 seeds (r = 0.5627). 
Correlation Dependences between Seed Yield and the Main Structural Elements
Conclusion
Biofertilizers such as phosphorus humate, boron humate and molybdenum humate have a positive influence on the structural elements and seed yield of birdsfoot trefoil. The highest effect from the tested fertilizers was observed for the combination of phosphorus humate, boron humate and molybdenum humate, resulting in the number of seeds per racemes, the number of racemes per stem and the number of seeds per pod exceeding the control over the two years of the experimental period.
The maximum yearly average seed yield of 0.36 t.ha -1 was achieved using the fertilizer combination mentioned above, and is directly related with the structural elements of the seed yield. Boron humate and molybdenum humate yielded a higher seed productivity in comparison with the independent fertilization with phosphorus humate.
After treatment with these three biofertilizers, the seed yield is positively correlated with all structural elements that define the seed yield. The correlation is manifested most strongly in relation to the number of pods per racemes and number of racemes per stem (r = 0.9291). The correlation between the yield and number of pods per racemes and the number of racemes per stem is strong with r = 0.6362 and 0.5012 respectively.
